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The current study examined whether emotional expectations gate attention to emotional
words in early visual cortex. Color cues informed about word valence and onset latency.
We observed a stimulus-preceding negativity prior to the onset of cued words that was
larger for negative than for neutral words. This indicates that in anticipation of emotional
words more attention was allocated to them than to neutral words before target
onset. During stimulus presentation the steady-state visual evoked potential (SSVEP),
elicited by flickering words, was attenuated for cued compared to uncued words,
indicating sharpened sensory activity, i.e., expectation suppression. Most importantly,
the SSVEP was more enhanced for negative than neutral words when these were
cued. Uncued conditions did not differ in SSVEP amplitudes, paralleling previous
studies reporting lexico-semantic but not early visual effects of emotional words. We
suggest that cueing mediates re-entrant engagement of visual resources by providing
an early “affective gist” of an upcoming word. Consequently, visual single-word studies
may have underestimated attentional effects of emotional words and their anticipation
during reading.
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INTRODUCTION
Emotional signals influence perception and behavior as well as their underlying neural activity
(Vuilleumier, 2005; Lang and Bradley, 2009). It is less clear where along the visual stream emotional
salience amplifies processing and whether this differs for symbolic (e.g., words) or naturalistic (e.g.,
faces) stimuli. While emotional scenes and faces have robustly captured visual attention in fMRI
(Lang et al., 1998; Bradley et al., 2003; Vuilleumier and Huang, 2009; Hindi Attar et al., 2010b) and
ERP studies (Doallo et al., 2006; Pourtois and Vuilleumier, 2006), there is rather mixed evidence
regarding emotional words (Keil, 2006; Frühholz et al., 2011). It has been argued that words are just
less arousing than pictures (Hinojosa et al., 2009) or that visual complexity accounts for different
activation patterns in visual cortex (Schlochtermeier et al., 2013).
Complementing behavioral data, event-related potentials (ERPs), and fMRI, steady-state visual
evoked potentials (SSVEPs) elicited by flickering stimuli represent a temporally continuous signal
that is mainly generated in early visual areas (V1, V3, and V5; Di Russo et al., 2007; Andersen and
Müller, 2010). Its amplitude is robustly modulated not only by spatial attention (Morgan et al., 1996;
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Müller and Hillyard, 2000) but also by the non-spatial allocation
of attention to different stimulus features or sensory modalities
(Müller et al., 2006; Andersen et al., 2009; Saupe et al., 2009).
Previous studies have shown that emotional rather than
neutral scenes and faces enhance the SSVEP amplitude as an
index of early visual processing (Keil et al., 2001, 2003; Bakardjian
et al., 2011) or draw processing resources from a concurrent
flickering foreground task when presented as distractors (Müller
et al., 2008; Hindi Attar et al., 2012; Bekhtereva et al., 2015). The
latency of these SSVEP emotion effects (∼300 ms) suggests that
not the initial feedforward-sweep in visual cortex is enhanced
by emotional saliency but that re-entrant feedback amplifies
visual (re-)analysis. Supporting this view, Bekhtereva et al.
(2015) showed that SSVEP emotion effects follow affective cue
extraction as indexed in ERP emotion effects. Comparing faces
and scenes they found an earlier ERP modulation and SSVEP
distraction effect for faces. Given that faces are more iconic
than complex scenes, i.e., their visual features are more closely
associated with emotional content, we consider the following
suggestion by Barrett and Bar (2009): affective expectations arise
simultaneously with the “gist” of objects, scenes, or faces, and aid
perception rather than being a consequence of conscious object
recognition. This mechanism may explain why early emotion
effects are not robustly found for words: words are complex
symbolic stimuli and the perceptual “gist” of a word form in low
visual frequencies gives little information about word meaning.
Accordingly, studies that examined emotional words in SSVEP
designs provide rather mixed results: a sustained decrease of the
SSVEP amplitude (Koban et al., 2010), a short-lived amplification
during the attentional blink (Keil et al., 2006), or no modulation
at all (Trauer et al., 2012, 2015).
The aim of the current study was to examine whether context
and expectations are a prerequisite for the visual amplification
of emotional word processing. We therefore used color cues that
predicted the onset latency and valence of an upcoming word
in a 15 Hz flicker stimulation protocol and compared SSVEP
amplitudes elicited by cued and uncued emotional and neutral
words. Given the mixed previous results on emotional words,
we analyzed SSVEP amplitude time courses rather than fixed
time windows. As an indicator of preparatory cue processing,
we examined the stimulus-preceding negativity (SPN), a central
negative slope in the ERP prior to cued events that varies as a
function of expected emotional relevance (Simons et al., 1979;
Fuentemilla et al., 2013). In contrast to our previous work (Trauer
et al., 2012, 2015), we chose a valence judgment task to probe
whether the task-relevance of emotional word meaning is a
prerequisite for emotion effects in early visual cortex.
MATERIALS AND METHODS
Nineteen volunteers (10 female, mean age 22.5 years, SD
2.6) participated and received course credit or monetary
compensation (6 €/h). All had normal or corrected-to-normal
vision were right-handed, native speakers of German, and
self-reported no reading or spelling deficits. The experiment
conformed to the Code of Ethics of the World Medical
Association and the standards of the local ethics committee of
the University of Leipzig.
Stimuli
Word lists comprised four- to six-letter words from the Leipzig
Affective Norms for German (LANG; Kanske and Kotz, 2010).
108 words were selected for each emotional category. Positive
and negative words had similar arousal ratings (t107 = 1.2,
p > 0.2) but differed significantly from neutral words (both
t107 > 20, p < 0.001). Valence ratings for all word categories
differed significantly from each other (all |t107| > 20, p < 0.001);
words were matched for letter and syllable length, print frequency
(see Wortschatz Lexikon of the University of Leipzig1), and
concreteness (all |t107| < 1.5, all p > 0.2). All words were
paired with consonant strings that served as flickering baseline
stimuli to establish the SSVEP response prior to a word’s onset.
Words were presented in black font within a white rectangle
of a constant size (15 × 6.5 degrees of visual angle). A word
spanned approximately 11 by 4◦. In order to control for physical
factors influencing SSVEP amplitudes, the luminance of baseline
and task stimuli was held constant, and all letter strings were
stretched horizontally to comprise a constant number of pixels
(Figure 1). A non-flickering fixation dot (0.3◦) was superimposed
throughout stimulus presentation. Stimuli were presented on a
19-inch CRT monitor at a viewing distance of 80 cm. Word
stimuli flickered at 15 Hz realized at a monitor refresh rate of
60 Hz with two frames on and two frames off screen.
Task and Procedure
Participants gave informed consent and were then seated in a
sound-attenuated chamber. Here electrodes were applied and the
task was explained. Possible color changes of the fixation dot were
pointed out as task irrelevant. Participants were asked to avoid
eye movements during the flickering presentation. They were
instructed to attentively read the words following a consonant
string and to rate them as pleasant, unpleasant, or neutral via a
button press. As preparatory activity related to response selection
can affect anticipation, three response keys were randomized
across trials. Pictogram faces, presented in varying order after
the target word presentation, indicated the key assignment for
each trial (Figure 1). Key presses were registered starting 200 ms
after the onset of the response screen until the response occurred.
Participants completed a short training block of 36 additional
filler words (also taken from the LANG word lists) to familiarize
themselves with the task. The experiment was recorded in 12
blocks of 5 min to allow for breaks.
A consonant string baseline was presented from 867 to
1133 ms. In the cued trials, the color of the fixation dot then
changed from gray to one of three colors that were randomly
assigned to the three emotional categories and counterbalanced
across participants. To avoid differences in salience and prior
semantic associations between emotional categories and colors
(e.g., red equals negative), isoluminant quasi-complementary
secondary colors (best described as mauve, turquoise, and ochre)
were used. The cue was presented for a fixed period of 1667 ms.
1http://wortschatz.uni-leipzig.de
Frontiers in Human Neuroscience | www.frontiersin.org 2 August 2019 | Volume 13 | Article 281
fnhum-13-00281 August 22, 2019 Time: 17:44 # 3
Trauer et al. Expectation and Emotional Words
FIGURE 1 | Schematic structure of experimental trials. In cued trials (left), after the baseline period a fixed time period of 1667 ms with a color change of the fixation
dot allowed for expectations about the emotional valence of the upcoming word. Uncued trials (right) were identical except for the cue. Baseline and word stimuli
flickered at 15 Hz. The response screen indicated the trial-by-trial key assignment.
Subsequently, the consonant string was replaced by a word from
1200 to 1333 ms. Except for the cue period, the presentation
sequence was the same for uncued trials. Emotional categories
and cue conditions were balanced across blocks and randomized
within blocks. No more than three consecutive trials of words of
the same emotional category were allowed.
Each word was presented three times: in an uncued, validly
cued, and a filler condition (with a valid or invalid cue). Due
to adaptations of the stimulation program during the first eight
recordings, the overall validity ratio of the color cue alternated
between 75 and 87.5%, i.e., the ratio (50–75%) of invalidly cued
trials differed in the filler condition. We accepted this variation
in expectation strength, and focused on the dichotomous effect
of validly cued compared to uncued trials; we also discarded
the filler trials due to a rather small and inconsistent number of
invalidly cued trials. Accordingly, we included data of the first
eight participants in the full data analysis. The subsequent 11
recordings were conducted with a set cue validity of 83.3%. The
order of uncued, validly cued, or filler trials was counterbalanced
across words. We analyzed the uncued and the first validly cued
presentation of each word. There were 108 experimental trials in
each of the 6 experimental conditions [uncued/(validly) cued by
neutral/negative/positive word].
EEG Data
The electroencephalogram (EEG) was recorded from 64 Ag/AgCl
scalp electrodes (see Figures 2, 3 for the electrode layout)
referenced to “common mode” at a sampling rate of 256 Hz
using an ActiveTwo amplifier system (BioSemi, Amsterdam).
Four additional electrodes recorded the horizontal and vertical
electrooculogram. EEG data were processed using the ERPLAB
plugin2 (Delorme and Makeig, 2004) running on MATLAB.
Epochs were extracted from −500 to 1200 ms around the word
2http://erpinfo.org/erplab
onset for uncued trials and from −2167 to 1200 ms for cued
trials. Due to the expected ERP variation during cue presentation,
cued trials were baseline corrected to the time range of 100 ms
before cue onset. Uncued trials were baseline corrected to 100 ms
before word onset. Thus, the stimulation during the baseline
period was identical. Trials with eye movements or blinks were
excluded. Artifacts such as noisy electrodes were corrected using
a combination of channel approximation and epoch exclusion
based on statistical parameters of the data with the “statistical
control of artifacts in dense array EEG/MEG studies” (SCADS;
Junghöfer et al., 2000). Corrected data were then re-referenced to
the average signal across all electrodes. Data of two participants
were discarded because more than one-third of EEG data epochs
contained eye movements or muscle artifacts. For the remaining
17 datasets on average 6.25% of trials were excluded, and
3.28 channels per trial were interpolated. For each condition
and individual the amplitudes of all trials were averaged for
further analyses.
Stimulus-Preceding Negativity (SPN)
Analysis in Cued Trials
The ERPs were analyzed in the same dataset as the SSVEP
amplitudes. A time range of 1000 ms before word onset was
defined as the SPN time window by visual inspection of the
grand mean amplitude. The slow negativity during this time
range peaked at centroparietal electrodes, therefore, a cluster of
five central electrodes was chosen for the analysis of the SPN
(Figure 2). Amplitudes averaged across the chosen time window
and electrodes were analyzed with a repeated-measures ANOVA
with the factor Emotion.
We refrained from analyzing later ERP components as we
did in previous studies (Trauer et al., 2012, 2015) as the cue
period altered the baseline for cued and uncued trials, and the
SPN deflection persisted throughout the trial (Figure 2) and
superimposed the ERP to the word onset in cued trials.
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FIGURE 2 | (A) ERP time course at the five central electrodes chosen to analyze the SPN amplitude, indicated on the scalp electrode map at the right side of the
panel. Note that condition effects continue after the cue period throughout the stimulus period. (B) Difference maps for the SPN time window (1000 ms before word
onset) reveal a larger central negativity prior to emotional words, especially negative words (upper scalp map).
FIGURE 3 | (A) Time courses of SSVEP amplitude after word onset. The cue period was analyzed separately (cued trials only, not depicted). (B) Grand mean SSVEP
amplitude across all conditions from –350 to 1200 ms around word onset.
Steady-State Visual Evoked Potential
(SSVEP) Analyses
The average amplitude of the 15 Hz signal from −350 to
1050 ms around word onset was calculated at each electrode
using a Fourier transformation (implemented as “fft” in Matlab).
For each participant the three occipital electrodes exhibiting
highest SSVEP amplitudes across all conditions were selected.
For each participant and condition the averaged signal at these
three individual electrodes served to extract the time courses
of the SSVEP amplitude by means of a Gabor Filter centered
at 15 Hz with a frequency resolution of ±1.47 Hz full-width
at half-maximum and a temporal resolution of ±150 ms. For
cued conditions the pre-stimulus period was analyzed separately
from −1667 to 0 ms. Given that SSVEP amplitude is unaffected
by baseline shifts in the ERP, the SSVEP amplitudes after word
onset (0–1050 ms) of all experimental conditions were entered
into a two-factorial ANOVA (Cue: uncued/cued by Emotion:
neutral/negative/positive) at each sampling point. Regarding
the resulting large number of tests, instead of a conservative
correction for multiple comparisons, effects were only regarded
relevant when statistical significance was reached for 10 or more
subsequent data points [39 ms, see Andersen and Müller (2010)
for a similar approach]. All significant effects in the analyses met
this criterion, i.e., all detected differences are reported below.
RESULTS
Behavioral Data
Rating responses for each condition were transformed to percent
of ratings agreeing with the affective valence category (Table 1).
Across all conditions, participants rated 75.51% of the words
according to their assigned affective category. The cue had no
influence on rating agreement (F1,16 = 0.3, p > 0.5). There was
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TABLE 1 | Rating responses agreeing with the preselected emotional category in percent.
No cue Valid cue
Word set Neutral Negative Positive Neutral Negative Positive
% Responses
Neutral 73.12 15.55 22.35 72.12 15.93 21.16
Unpleasant 6.29 79.37 3.16 6.12 78.45 3.34
Pleasant 20.59 5.08 74.49 21.76 5.62 75.50
Sum % matches 75.66 75.35
75.51
Each column represents one experimental condition and sums up to 100%. Bold numbers indicate responses according to the preselected emotional category.
no significant influence of affective valence on rating agreement
(F2,32 = 0.6, p > 0.5), although rating agreement was slightly
higher for negative words.
Response times (RTs, mean 736 ± 77 ms, locked to the
onset of the response screen) were delayed from stimulus onset
by a trial-by-trial key assignment. There was a main effect of
emotional word content (F2,32 = 14.3, p < 0.001, η2p = 0.47): for
both cueing conditions emotional positive and negative words
led to slower responses than neutral words (all t16 > 2.8, all
p < 0.01). There was a marginal trend for an interaction of Cue
and Emotion (F2,32 = 2.7, p = 0.1): only for uncued trials RTs
for negative compared to positive words were significantly slower
(t16 = 3.4, p < 0.01) whereas for cued trials RTs did not differ
(t16 = 0.6, p = 0.6). This Cue by Emotion interaction was closer
to significance when only trials with valence rating agreement
were analyzed (F2,32 = 3.2, p = 0.06, η2p = 0.17). Note that
next to this trend interaction, cueing had no effect on response
latencies (Figure 4).
Stimulus-Preceding Negativity (SPN)
There was a significant effect of the implicit valence of the color
cue (F2,32 = 5.17, p < 0.05, η2p = 0.24) on the pre-stimulus ERP
amplitude at the central electrode cluster. Pairwise comparisons
confirmed an enhanced SPN for negative compared to neutral
cues (t16 = 3.05, p < 0.01). There was also a trend toward a
larger SPN for positive compared to neutral cues (t16 = 1.83,
p = 0.09). SPN amplitudes for positive and negative cues did not
differ significantly (t16 = 1.50, p > 0.1).
Steady-State Visual Evoked Potential
(SSVEP)
During the cue period, there was no significant effect of Emotion
on SSVEP amplitudes (all F2,16 < 1.1; all p > 0.2; not depicted).
Moreover, in all cued conditions the SSVEP amplitude remained
stable at all sampling points compared to a baseline of 100 ms
before cue onset (all |t16| < 1.3; all p > 0.1).
After word onset the factor Cue was significant for the SSVEP
amplitude from 215 ms until the end of the analyzed time range
at 1050 ms (all F1,16 > 4; all p < 0.05) reflecting a larger drop in
SSVEP amplitude after word onset for cued compared to uncued
words (Figure 3). Later in the stimulus period, a significant
interaction of Cue by Emotion (508–629 ms, all F2,32 = 3.2, all
FIGURE 4 | Response latencies in ms for valid cues (black) and no cues (gray)
for neutral, negative, and positive words.
p < 0.05) was followed by a significant main effect of Emotion
(648–723 ms, all F2,32 > 3.3, all p< 0.05). SSVEP time-courses of
cued and uncued conditions were analyzed separately with one-
factorial repeated-measures ANOVAs with the factor Emotion
to disentangle interaction effects. For uncued words no effect
of emotional word content was found (at all sampling points
F2,32 < 1.9, all p > 0.18). For cued words there was a significant
main effect of Emotion from 555 to 742 ms (all F2,32 > 3.4; all
p < 0.05). Running t-tests confirmed higher SSVEP amplitudes
for cued negative compared to cued neutral words from 320 to
828 ms (all t16 > 4.4, all p < 0.05). There was a trend toward
higher amplitudes for cued negative compared to cued positive
words around 730 ms [max(t16) = 3.7, min(p) = 0.07]. SSVEP
amplitudes elicited by cued positive and cued neutral words did
not differ significantly (all t16 < 1.8, all p > 0.2).
DISCUSSION
Is anticipation a prerequisite for emotional words to capture
attention early in the visual stream? The present work set out
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to answer this question. In line with our hypothesis that an
emotional “gist” provided by a valence cue can gate an emotion
effect in occipital cortex, we report a more enhanced SSVEP
amplitude in response to negative than neutral words in the cued
but not in the uncued conditions.
Affective Expectation Reflected in SPN
Amplitude
Prior to word onset, a subtle color cue was sufficient to set
off anticipation of emotional word content indexed by the
SPN amplitude modulation. One limitation in the interpretation
of this result is that we did not assess explicit learning of
the color cue and also could not clearly track the process
of cue learning, e.g., by comparing the first and the second
half of the experiment due to our presentation randomization.
Future studies may use a more suitable design to track such
learning curves and the associated anticipation effects with
emotional words on preparatory activity and subsequent visual
attention and performance effects. However, the significant SPN
effect reported here indicates that throughout the experiment,
implicitly or explicitly, the cue colors acquired differential
affective meaning for the participants. Anticipatory effects of
emotional stimuli on SPN deflections have been reported in
several tasks (Simons et al., 1979; Regan and Howard, 1995;
Böcker et al., 2001; Poli et al., 2007; Fuentemilla et al., 2013;
Michalowski et al., 2015), even though findings are mixed
regarding the direction of emotion effects on the SPN amplitude
(decreased prior to aversive stimuli: Lumsden et al., 1986;
Judah et al., 2013). Yet, to our knowledge, this is the first
demonstration of an SPN emotion effect for written words.
Emotional valence was the task-relevant dimension, but the
assignment of the response keys was presented only after
the word offset. Therefore, the SPN slope observed in the
present study is unlikely to reflect mere motor preparation
(Birbaumer et al., 1990; Brunia et al., 2011). This task design
could also be the reason why the affective SPN modulation
at central electrodes persisted throughout word presentation:
final response selection was only possible after a word’s offset.
Continuity of the SPN may thus represent the maintenance
of cue and word information, as suggested by Dias et al.
(2003) who linked the SPN offset latency to reaction times
rather than the target onset. In line with prior research
(Judah et al., 2013; Schevernels et al., 2014) this negative shift
seems to reflect anticipatory mobilization of neural resources
for impending cognitive effort. This notion is supported by
generally longer response latencies for emotional than neutral
words. However, the cue and enhanced SPN activity prior
to emotional words did not lead to an RT benefit for cued
compared to uncued negative words, indicating that cueing may
have even enhanced rather than dissolved disengagement from
negative stimuli or conflict between stimulus processing and
task processing.
Although the SPN amplitudes to positive and neutral words
did not differ significantly, both positive and negative words
led to a numerically larger pre-stimulus negativity, suggesting
that arousal likely enhanced anticipatory processing. The more
distinct ERP modulation for negative words may be related
to the slightly higher rating agreement for the negative
category (Table 1), indicating that negative words are perceived
as less ambiguous.
Expectation Suppression Reflected in
SSVEP Amplitudes
Steady-state visual evoked potential amplitudes did not
vary during the cue presentation, indicating that the visual
processing of letter strings was not modulated before stimulus
onset. This parallels previous imaging results, revealing no
additional activation of posterior occipital areas during the
anticipation of emotional pictures, but dissociable networks for
anticipation and perception of emotion (Simmons et al., 2004;
Bermpohl et al., 2006).
At word onset SSVEP amplitudes elicited by cued compared
to uncued words showed a larger drop and remained lower
for the full duration of the stimulation period. This finding
may seem surprising, given that the cue allowed for the precise
temporal allocation of attention, and attention has been shown
to enhance SSVEP amplitudes (Morgan et al., 1996; Müller and
Hillyard, 2000). However, these studies used spatial rather than
temporal cues. Temporal and spatial orienting seem to exert
separable and interactive effects: temporal expectations alone lead
to behavioral facilitation, but early visual activity, as reflected
in the P1 component, is modulated by temporal cueing only
when stimulus location is also predictable (Doherty et al., 2005;
Rohenkohl et al., 2014). Stimulus location was fixed in the present
study, but SSVEP amplitude revealed no additional amplification
as was reported for the P1. Therefore, the present results are more
in line with the framework of predictive coding (Rao and Ballard,
1999): Anticipation presumably silences the signals of predictable
sensory input via re-entrant feedback. Accordingly, activity in
visual cortex has been found reduced for predictable stimuli
(unattended: den Ouden et al., 2009; passive viewing: Alink et al.,
2010; attended: Kok et al., 2012b). Predictions may “sharpen”
patterns of activity in non-spatial tasks leading to effective
and less ambiguous sensory signals (Kok et al., 2012a). Such a
mechanism may be reflected in attenuated SSVEP amplitudes for
the cued words in the present study.
SSVEP Emotion Effect for Cued Words
Only
Attention, in contrast to prediction, is defined as the sensory
amplification of salient or relevant events. How anticipation
and attention overlap and interact, however, remains a matter
of debate (Summerfield and de Lange, 2014; Schröger et al.,
2015). In visual V1 and V3 cortices, the main generators of
the SSVEP (Di Russo et al., 2007; Andersen and Müller, 2010),
voluntary attention can reverse the attenuation of predicted
signals (Kok et al., 2012b). Could emotional relevance result in
similar attentional effects? On the one hand, all words in the
current study were task-relevant and thus attended. In contrast
to the study by Kok et al. (2012b), predictable stimuli still elicited
smaller SSVEP amplitudes, perhaps because the task required
a semantic rather than a visual choice. However, an additional
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attentional bias toward aversive stimuli may have reversed the
attenuation of visual activity resulting in a relative enhancement
of SSVEP amplitude for cued negative words. This was not found
for uncued words. In line with the “gist” hypothesis of Barrett and
Bar (2009), we argue that the color cue signaled emotional valence
and may have gated a re-entrant attention effect of emotional
words in early visual cortex. Such a re-entrant effect seems to be
weaker or absent when emotional words are presented without a
cue (Trauer et al., 2012, 2015).
Paralleling previous studies using flickering IAPS pictures
(Keil et al., 2003; Hindi Attar et al., 2012) or expressive faces
(Bakardjian et al., 2011; McTeague et al., 2011; Bekhtereva et al.,
2015), the SSVEP amplitude increase indicates that negative
words received more visual processing resources. Examining
affective stimuli, time-courses of the SSVEP amplitude have
mostly been reported in distraction studies, i.e., when the
SSVEP elicited by a foreground task is assessed while emotional
distractors are presented in the background. Despite of this
methodological difference, the latency of the emotion effect
of cued negative words here (320–828 ms) roughly matches
the time course of distraction by emotional background scenes
(Schönwald and Müller, 2014: ∼350–700 ms; Hindi Attar et al.,
2010a: ∼400–1000 ms; Müller et al., 2008: ∼400–1000 ms)
indicating a similar underlying attention effect.
The latency of the SSVEP effect also renders it likely
that word content rather than cue valence alone led to the
attentional enhancement in visual processing. Additionally, the
SSVEP effect was driven by negatively valenced words alone,
and thus did not fully parallel the valence effect on the SPN
amplitude. However, only validly cued and uncued trials were
analyzed due to the small number of invalidly cued trials.
Further experiments should disentangle the contributions of
cue valence and target valence by orthogonally manipulating
the two factors. Additionally, correlating cue-related activity
(e.g., the SPN) and visual activity related to the target word
(here the SSVEP) in further studies could shed more light
on the underlying mechanisms of expectation and subsequent
emotional facilitation.
In contrast to previous studies the emotional valence of words
was task-relevant. However, given that no effect was found for
uncued but equally task-relevant emotional words, expectancy
rather than task-relevance seemed to be crucial for the observed
SSVEP modulation.
The current result is novel compared to previous reports of
SSVEP amplitude modulation by emotional words. Keil et al.
(2006) reported an SSVEP amplitude increase for negative words
specifically when they were presented during the attentional
blink. Did their design allow for an anticipation account? Neutral
first targets (T1) in the rapid serial visual stream predicted that
second targets (T2) would occur with an onset asynchrony of
232–696 ms and T2 were arousing words with a probability
of 66%. These regularities are rather loose and would also not
account for the absence of an emotion effect for T2 presented
more than 232 ms after the T1. Additionally, the latency of the
SSVEP effect (120–270 ms) does not correspond to the emotion
effect found here or in SSVEP studies using emotional scenes.
We assume that the rapid serial presentation may reflect different
attentional demands compared to the present experiment. Koban
et al. (2010) did not report SSVEP amplitudes during the first
second of stimulation, thus the late amplitude decrease for
positive words during free viewing in their study cannot be
related to the earlier effect found here. Previous experiments from
our laboratory (Trauer et al., 2012, 2015) found no influence
of emotional word content on SSVEP amplitudes during lexical
decision or distraction from a visual foreground task. In both
studies the latency of word onset as well as emotional word
valence were not predictable. In line with these prior findings
no SSVEP effect of uncued negative words was evident in
the present experiment, strengthening the notion that written
emotional words do not capture additional visual resources by
default. However, when a cue or context allows for emotional
expectations, written emotional words may exert similar effects
on early visual processing as pictorial stimuli.
DATA AVAILABILITY
The raw data supporting the conclusions of this manuscript will
be made available by the authors upon reasonable request by any
qualified researcher.
ETHICS STATEMENT
This study was carried out in accordance with the
recommendations of the “University of Leipzig, Ethics
committee” with written informed consent from all subjects.
All subjects gave written informed consent in accordance with
the Declaration of Helsinki. The protocol was approved by the
“Ethics committee of the University of Leipzig, Germany.”
AUTHOR CONTRIBUTIONS
All authors were involved with the design and interpretation
of the study. ST programmed and conducted the experiment,
analyzed the data, and drafted the manuscript and figures.
MM revised the manuscript. SK revised and edited the
final manuscript.
FUNDING
This work was funded by the German Research
Council (DFG 1182).
ACKNOWLEDGMENTS
The authors thank Renate Zahn for help during recordings, and
Cliodhna Quigley, Christian Keitel, and Martin Reiche for helpful
discussions on the data.
Frontiers in Human Neuroscience | www.frontiersin.org 7 August 2019 | Volume 13 | Article 281
fnhum-13-00281 August 22, 2019 Time: 17:44 # 8
Trauer et al. Expectation and Emotional Words
REFERENCES
Alink, A., Schwiedrzik, C. M., Kohler, A., Singer, W., and Muckli, L. (2010).
Stimulus predictability reduces responses in primary visual cortex. J. Neurosci.
30, 2960–2966. doi: 10.1523/JNEUROSCI.3730-10.2010
Andersen, S. K., and Müller, M. M. (2010). Behavioral performance follows the
time course of neural facilitation and suppression during cued shifts of feature-
selective attention. Proc. Natl. Acad. Sci. U. S. A. 107, 13878–13882. doi: 10.
1073/pnas.1002436107
Andersen, S. K., Müller, M. M., and Hillyard, S. A. (2009). Color-selective attention
need not be mediated by spatial attention. J. Vis. 9, 1–7. doi: 10.1167/9.6.2
Bakardjian, H., Tanaka, T., and Cichocki, A. (2011). Emotional faces boost up
steady-state visual responses for brain-computer interface. Neuroreport 22,
121–125. doi: 10.1097/WNR.0b013e32834308b0
Barrett, L. F., and Bar, M. (2009). See it with feeling: affective predictions during
object perception. Philos. Trans. R. Soc. Lond. B. Biol. Sci. 364, 1325–1334.
doi: 10.1098/rstb.2008.0312
Bekhtereva, V., Craddock, M., and Müller, M. M. (2015). Attentional bias to
affective faces and complex IAPS images in early visual cortex follows emotional
cue extraction. Neuroimage 112, 254–266. doi: 10.1016/j.neuroimage.2015.
03.052
Bermpohl, F., Pascual-Leone, A., Amedi, A., Merabet, L. B., Fregni, F., Gaab,
N., et al. (2006). Dissociable networks for the expectancy and perception of
emotional stimuli in the human brain. Neuroimage 30, 588–600. doi: 10.1016/j.
neuroimage.2005.09.040
Birbaumer, N., Elbert, T., Canavan, A., and Rockstroh, B. (1990). Slow potentials of
the cerebral cortex and behaviour. Physiol. Rev. 70, 1–41. doi: 10.1152/physrev.
1990.70.1.1
Böcker, K., Baas, J., Kenemans, J., and Verbaten, M. (2001). Stimulus-preceding
negativity induced by fear: a manifestation of affective anticipation. Int. J.
Psychophysiol. 43, 77–90. doi: 10.1016/S0167-8760(01)00180-5
Bradley, M. M., Sabatinelli, D., Lang, P. J., Fitzsimmons, J. R., King, W., and
Desai, P. (2003). Activation of the visual cortex in motivated attention. Behav.
Neurosci. 117, 369–380. doi: 10.1037/0735-7044.117.2.369
Brunia, C. H., Hackley, S. A., van Boxtel, G. J., Kotani, Y., and Ohgami, Y. (2011).
Waiting to perceive: reward or punishment? Clin. Neurophysiol. 122, 858–868.
doi: 10.1016/j.clinph.2010.12.039
Delorme, A., and Makeig, S. (2004). EEGLAB: an open source toolbox for analysis
of single-trial EEG dynamics including independent component analysis.
J. Neurosci. Methods 134, 9–21. doi: 10.1016/j.jneumeth.2003.10.009
den Ouden, H. E. M., Friston, K. J., Daw, N. D., McIntosh, A. R., and Stephan, K. E.
(2009). A dual role for prediction error in associative learning. Cereb. Cortex 19,
1175–1185. doi: 10.1093/cercor/bhn161
Di Russo, F., Pitzalis, S., Aprile, T., Spitoni, G., Patria, F., Stella, A., et al. (2007).
Spatiotemporal analysis of the cortical sources of the steady-state visual evoked
potential. Hum. Brain Mapp. 28, 323–334. doi: 10.1002/hbm.20276
Dias, E. C., Foxe, J. J., and Javitt, D. C. (2003). Changing plans: a high density
electrical mapping study of cortical control. Cereb. Cortex 13, 701–715.
doi: 10.1093/cercor/13.7.701
Doallo, S., Holguín, S. R., and Cadaveira, F. (2006). Attentional load affects
automatic emotional processing: evidence from event-related potentials.
Neuroreport 17, 1797–1801. doi: 10.1097/01.wnr.0000246325.51191.39
Doherty, J. R., Rao, A., Mesulam, M., and Nobre, A. C. (2005). Synergistic effect of
combined temporal and spatial expectations on visual attention. J. Neurosci. 25,
8259–8266. doi: 10.1523/JNEUROSCI.1821-05.2005
Frühholz, S., Jellinghaus, A., and Herrmann, M. (2011). Time course of implicit
processing and explicit processing of emotional faces and emotional words. Biol.
Psychol. 87, 265–274. doi: 10.1016/j.biopsycho.2011.03.008
Fuentemilla, L., Cucurell, D., Marco-Pallarés, J., Guitart-Masip, M., Morís, J., and
Rodríguez-Fornells, A. (2013). Electrophysiological correlates of anticipating
improbable but desired events. Neuroimage 78, 135–144. doi: 10.1016/j.
neuroimage.2013.03.062
Hindi Attar, C., Andersen, S. K., and Müller, M. M. (2010a). Time course of
affective bias in visual attention: convergent evidence from steady-state visual
evoked potentials and behavioral data. Neuroimage 53, 1326–1333. doi: 10.1016/
j.neuroimage.2010.06.074
Hindi Attar, C., Müller, M. M., Andersen, S. K., Büchel, C., and Rose, M. (2010b).
Emotional processing in a salient motion context: integration of motion and
emotion in both V5/hMT+ and the amygdala. J. Neurosci. 30, 5204–5210.
doi: 10.1523/JNEUROSCI.5029-09.2010
Hindi Attar, C., Müller, M. M., and El-Deredy, W. (2012). Selective attention
to task-irrelevant emotional distractors is unaffected by the perceptual load
associated with a foreground task. PLoS One 7:e37186. doi: 10.1371/journal.
pone.0037186
Hinojosa, J. A., Carretié, L., Valcárcel, M. A., Méndez-Bértolo, C., and Pozo,
M. A. (2009). Electrophysiological differences in the processing of affective
information in words and pictures. Cogn. Affect. Behav. Neurosci. 9, 173–189.
doi: 10.3758/CABN.9.2.173
Judah, M. R., Grant, D. M., Mills, A. C., and Lechner, W. V. (2013). The
neural correlates of impaired attentional control in social anxiety: an ERP
study of inhibition and shifting. Emotion 13, 1096–1106. doi: 10.1037/a003
3531
Junghöfer, M., Elbert, T., Tucker, D. M., and Rockstroh, B. (2000). Statistical
control of artifacts in dense array EEG/MEG studies. Psychophysiol. 37,
523–532. doi: 10.1111/1469-8986.3740523
Kanske, P., and Kotz, S. A. (2010). Leipzig affective norms for german: a reliability
study. Behav. Res. Methods 42, 987–991. doi: 10.3758/BRM.42.4.987
Keil, A. (2006). Macroscopic brain dynamics during verbal and pictorial processing
of affective stimuli. Prog. Brain Res. 156, 217–232. doi: 10.1016/s0079-6123(06)
56011-x
Keil, A., Gruber, T., Müller, M. M., Moratti, S., Stolarova, M., Bradley, M. M., et al.
(2003). Early modulation of visual perception by emotional arousal: evidence
from steady-state visual evoked brain potentials. Cogn. Affect. Behav. Neurosci.
3, 195–206. doi: 10.3758/cabn.3.3.195
Keil, A., Ihssen, N., and Heim, S. (2006). Early cortical facilitation for emotionally
arousing targets during the attentional blink. BMC Biol. 4:10. doi: 10.1186/1741-
7007-4-23
Keil, A., Müller, M. M., Gruber, T., Wienbruch, C., Stolarova, M., and Elbert, T.
(2001). Effects of emotional arousal in the cerebral hemispheres: a study of
oscillatory brain activity and event-related potentials. Clin. Neurophysiol. 112,
2057–2068. doi: 10.1016/s1388-2457(01)00654-x
Koban, L., Ninck, M., Gisler, T., and Kissler, J. (2010). Processing of emotional
words measured simultaneously with steady-state visually evoked potentials
and near-infrared diffusing-wave spectroscopy. BMC Neurosci. 11:85. doi: 10.
1186/1471-2202-11-85
Kok, P., Jehee, J. F., and de Lange, F. P. (2012a). Less is more: expectation sharpens
representations in the primary visual cortex. Neuron 75, 265–270. doi: 10.1016/
j.neuron.2012.04.034
Kok, P., Rahnev, D., Jehee, J. F. M., Lau, H. C., and de Lange, F. P. (2012b).
Attention reverses the effect of prediction in silencing sensory signals. Cereb.
Cortex 22, 2197–2206. doi: 10.1093/cercor/bhr310
Lang, P. J., and Bradley, M. M. (2009). Emotion and the motivational brain. Biol.
Psychol. 84, 437–450. doi: 10.1016/j.biopsycho.2009.10.007
Lang, P. J., Bradley, M. M., Fitzsimmons, J. R., Cuthbert, B. N., Scott, J. D., Moulder,
B., et al. (1998). Emotional arousal and activation of the visual cortex: an fMRI
analysis. Psychophysiology 35, 199–210. doi: 10.1017/s0048577298001991
Lumsden, J., Howard, R. C., and Fenton, G. W. (1986). The contingent negative
variation (CNV) to fear-related stimuli in aquisition and extiction. Int. J.
Psychophysiol. 3, 253–261. doi: 10.1016/0167-8760(86)90034-6
McTeague, L. M., Shumen, J. R., Wieser, M. J., Lang, P. J., and Keil, A. (2011).
social vision: sustained perceptual enhancement of affective facial cues in social
anxiety. Neuroimage 54, 1615–1624. doi: 10.1016/j.neuroimage.2010.08.080
Michalowski, J. M., Pané-Farré, C. A., Löw, A., and Hamm, A. O. (2015). Brain
dynamics of visual attention during anticipation and encoding of threat-
and safe-cues in spider-phobic individuals. Soc. Cogn. Affect. Neurosci. 10,
1177–1186. doi: 10.1093/scan/nsv002
Morgan, S. T., Hansen, J. C., and Hillyard, S. A. (1996). Selective attention to
stimulus location modulates the steady-state visual evoked potential. Proc. Natl.
Acad. Sci. U. S. A. 93, 4770–4774. doi: 10.1073/pnas.93.10.4770
Müller, M. M., Andersen, S. K., and Keil, A. (2008). Time course of competition for
visual processing resources between emotional pictures and foreground task.
Cereb. Cortex 18, 1892–1899. doi: 10.1093/cercor/bhm215
Müller, M. M., Andersen, S. K., Trujillo-Barreto, N. J., Valdes-Sosa, P., Malinowski,
P., and Hillyard, S. A. (2006). Feature-selective attention enhances color signals
in early visual areas of the human brain. Proc. Natl. Acad. Sci. U. S. A. 103,
14250–14254. doi: 10.1073/pnas.0606668103
Frontiers in Human Neuroscience | www.frontiersin.org 8 August 2019 | Volume 13 | Article 281
fnhum-13-00281 August 22, 2019 Time: 17:44 # 9
Trauer et al. Expectation and Emotional Words
Müller, M. M., and Hillyard, S. A. (2000). Concurrent recording of steady-state and
transient event-related potentials as indices of visual-spatial selective attention.
Clin. Neurophysiol. 111, 1544–1552. doi: 10.1016/s1388-2457(00)00371-0
Poli, S., Sarlo, M., Bortoletto, M., Buodo, G., and Palomba, D. (2007). Stimulus-
preceding negativity and heart rate changes in anticipation of affective pictures.
Int. J. Psychophysiol. 65, 32–39. doi: 10.1016/j.ijpsycho.2007.02.008
Pourtois, G., and Vuilleumier, P. (2006). Dynamics of emotional effects on spatial
attention in the human visual cortex. Prog. Brain Res. 156, 67–90.
Rao, R. P. N., and Ballard, D. H. (1999). Predictive coding in the visual cortex:
a functional interpretation of some extra-classical receptive-field effects. Nat.
Neurosci. 2, 79–87. doi: 10.1038/4580
Regan, M., and Howard, R. (1995). Fear conditioning, preparedness, and the
contingent negative variation. Psychophysiol. 32, 208–214. doi: 10.1111/j.1469-
8986.1995.tb02950.x
Rohenkohl, G., Gould, I. C., Pessoa, J., and Nobre, A. C. (2014). Combining
spatial and temporal expectations to improve visual perception. J. Vis. 14, 8.
doi: 10.1167/14.4.8
Saupe, K., Schröger, E., Andersen, S. K., and Müller, M. M. (2009). Neural
mechanisms of intermodal sustained selective attention with concurrently
presented auditory and visual stimuli. Front. Hum. Neurosci 3:58. doi: 10.3389/
neuro.09.058.2009
Schevernels, H., Krebs, R. M., Santens, P., Woldorff, M. G., and Boehler, C. N.
(2014). Task preparation processes related to reward prediction precede those
related to task-difficulty expectation. Neuroimage 84, 639–647. doi: 10.1016/j.
neuroimage.2013.09.039
Schlochtermeier, L. H., Kuchinke, L., Pehrs, C., Urton, K., Kappelhoff, H., Jacobs,
A. M., et al. (2013). Emotional picture and word processing: an fMRI study on
effects of stimulus complexity. PLoS One 8:e55619. doi: 10.1371/journal.pone.
0055619
Schönwald, L. I., and Müller, M. M. (2014). Slow biasing of processing resources in
early visual cortex is preceded by emotional cue extraction in emotion-attention
competition. Hum. Brain Mapp. 35, 1477–1490. doi: 10.1002/hbm.22267
Schröger, E., Kotz, S. A., and SanMiguel, I. (2015). Bridging prediction and
attention in current research on perception and action. Brain Res. 1626, 1–13.
doi: 10.1016/j.brainres.2015.08.037
Simmons, A., Matthews, S. C., Stein, M. B., and Paulus, M. P. (2004).
Anticipation of emotionally aversive visual stimuli activates right
insula. Neuroreport 15, 2261–2265. doi: 10.1097/00001756-200410050-
00024
Simons, R. F., Öhman, A., and Lang, P. J. (1979). Anticipation and response set:
cortical, cardiac, and electrodermal correlates. Psychophysiology 16, 222–233.
doi: 10.1111/j.1469-8986.1979.tb02982.x
Summerfield, C., and de Lange, F. P. (2014). Expectation in perceptual decision
making: neural and computational mechanisms. Nat. Rev. Neurosci. 15,
745–756. doi: 10.1038/nrn3838
Trauer, S. M., Andersen, S. K., Kotz, S. A., and Müller, M. M. (2012). Capture of
lexical but not visual resources by task-irrelevant emotional words: a combined
ERP and steady-state visual evoked potential study. Neuroimage 60, 130–138.
doi: 10.1016/j.neuroimage.2011.12.016
Trauer, S. M., Kotz, S. A., and Müller, M. M. (2015). Emotional words facilitate
lexical but not early visual processing. BMC Neurosci. 16:89. doi: 10.1186/
s12868-015-0225-8
Vuilleumier, P. (2005). How brains beware: neural mechanisms of emotional
attention. Trends Cogn. Sci. 9, 585–594. doi: 10.1016/j.tics.2005.
10.011
Vuilleumier, P., and Huang, Y. M. (2009). Emotional attention:
uncovering the mechanisms of affective biases in perception. Curr.
Dir. Psychol. Sci. 18, 148–152. doi: 10.1111/j.1467-8721.2009.
01626.x
Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
Copyright © 2019 Trauer, Müller and Kotz. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.
Frontiers in Human Neuroscience | www.frontiersin.org 9 August 2019 | Volume 13 | Article 281
